Abstract Pharmaceutical industry now accept the worlds ocean which contains a vast array of organisms with unique biological properties, as a major frontier for medical investigation.
Introduction
Organic compounds produced by microbes, sponges, seaweeds and other marine organism such as the secondary metabolites are called natural marine products (Faulkner 2001) . Organisms synthesize these compounds to protect themselves and to maintain homeostasis by increasing water solubility, improving chemical stability and altering the biological activity (Lipton 2003) . There is an increasing collaborative effort between biochemists and pharmacologists in discovering new natural marine products for use as pharmaceutical agent. This has led to the discovery of about 3000 new compounds from various marine sources to be used for preclinical studies and clinical trials (Cragg et al. 1997) . Furthermore, many marine compounds have been found to be useful biomedical tools for exploring cellular processes at the molecular level (Carte 1996) . Algae comprise of a complex and heterogeneous group of organisms. Algae can be roughly divided into unicellular microalgae and multicellular macroalgae organisms according to their size. They frequently live in extreme environmental conditions of light, salinity and temperature. In order to adapt to these extreme conditions, most algae produce a high variety of secondary metabolites that often have potent biological activities (Ibanez et al. 2012) .
Seaweeds or marine algae are one of the natural resources necessary for maintaining proper balance between the chemical and biological environment of oceans. They contain various biologically active compounds, which have been used as sources of agar, carrageenan, alginates, proteins, unsaturated fatty acids, vitamins and minerals. Macroalgae are multicellular eukaryotic algae (Faulkner, 1993) . Various research studies have shown bioactive compounds derived from macroalgae with a broad range of biological activities, such as antibiotics, antioxidants, antivirals, antitumour activities (Ibtissam et al. 2009 ), as well as cytotoxicity and induce apoptosis in cancer cells (Kim et al. 2011) .
Ulva flexuosa is a green algae species of seaweed in the Ulvaceae family found worldwide. The genus Ulva is edible, macroscopic, parenchymatous, thread-like seaweed, and an important food source in many southeast Asian countries. Ulva is also recognized by its synonymous name as Enteromorpha (Farasat et al. 2014) . Padina antillarum (Kützing), Piccone and Padina boergeseni are types of fan-like brown algae (Dictyotaceae) found in the Indo-Pacific and Tropical West Africa (Wynne and Clerck 1999) . The antimicrobial activity of the green algae Ulva lactuca was reported to be caused by the acrylic acid commonly found in the algae (El-Yamany 2008) . Extracts of algae from Indian waters Dictyotadichotoma, and Padinagymnosora have been reported to be effective against Bacillus megatherium and Staphylococcus aureus (Rao et al. 1977) . Methanolic extracts from 32 macroalgae from the Atlantic and Mediterranean coasts of Morocco were evaluated for the production of antibacterial compounds against Escherichia coli, S. aureus, Enterococcus faecalis and Klebsiella pneumonia (Ibtissam et al. 2009 ). The antibacterial activities of seaweeds namely Ulva lactuca, Padina gymnospora, Sargassum wightii and Gracilaria edulis were screened against the human bacterial pathogen (Vallinayagam et al. 2009) . Previous studies have shown that due to the antioxidant and antimicrobial potentials of seaweed, P. antillarum contains antioxidant and antimicrobial bioactive compounds (Chew et al. 2008; Yee 2010) . This study was conducted to elucidate the cytotoxicity and antimicrobial properties of one species of Ulva and two species of Padina from the northern coasts of the Persian Gulf for future applications in medicinal and pharmaceutical industries.
Materials and methods

Sample collection and preparation
The seaweeds P. antillarum, P. boergeseni, (Phaeophyta) and U. flexuosa (Chlorophyta) were collected at low tide time (according to the tide time table obtained from www.tides4fishing.com, www.tide-forecast. com) along the northern coasts of the Persian Gulf, from Qeshm Island (two stations: coasts of Zeaytoun Park and Botanical garden), Iran (Fig. 1 ). Seaweeds were washed with fresh water to remove sand, salts and epiphytes, and then, were air-dried at room temperature. The algae samples for identification were stored in 5 % formalin/seawater. Voucher specimens were deposited in Hormozgan University marine herbarium. Using a stereo microscope and light microscope, morphological and anatomical structures in the samples were examined. According to the characteristics and identification keys in the taxonomic publications, the samples were identified (Braune and Guiry 2011; Jha et al. 2009; Trono 2003; De Clerck and Coppejans 1996; Basson 1978; Norris 2010; Abbott and Hollenberg 1976) . The dried seaweeds were powdered before extraction.
Extraction
Air-dried seaweed powders (100 g) were extracted (at the ratio of 6:1 (v/w)) with solvents of different polarity: ethylacetate and methanol and left at room temperature for 48 h. The extracts were filtered, successively concentrated and kept in the dark at 4°C until tested. The dried extracts were weighed and the yield of each extract was calculated.
Microbial strains
Eight pathogenic Gram-positive/-negative bacteria strains were used in the anti-microbial activity assay: Bacillus subtilis (ATCC 465), B. pumulis (PTCC 1274), E. faecalis (ATCC 29737), S. aureus (ATCC 25923), Staphylococcus epidermidis (ATCC 12228), E. coli (ATCC 25922), K. pneumoniae (ATCC 10031), Pseudomonas aeruginosa (ATCC 85327) and three pathogenic fungi: Aspergillus niger (ATCC 16404), Candida albicans (ATCC 10231), and Saccharomyces cerevisiae (ATCC 9763). All the strains tested were obtained from the Pasteur Institute (Tehran) and were maintained at 4°C in Mueller-Hinton Agar and were subcultured every month.
Anti-microbial screening
The antimicrobial activity of the test extract was measured by the disk-diffusion method (Van der Berghe and Vlietinck 1991). An overnight culture of each microorganism of Mueller-Hinton Broth (Bioxon) was prepared and adjusted with sterile saline solution to obtain turbidity comparable to that of McFarland no. 0.5 standard (1.0 9 10 8 CFU/ml) (Lennette et al. 1987) . 0.1 ml of a suspension of a test microorganism was spread over Mueller-Hinton Agar (bacteria) or Sabouraud Dextrose Agar (fungi) plates. Disks of filter paper (Whatman) of 6 mm diameter were impregnated with 10 ll of each extract (concentration of 200 mg/ml, final doses per disk: 2 mg of ethyl acetate and methanol extracts) and placed on the agar surface. Disks impregnated with each solvent extract were used as negative controls. Disks with anti-microbial agent ampicillin (at 10 lg/ disc), or standard antifungal agent nystatine (at 30 lg/ disc) were used as positive controls. The plates were incubated overnight at 37°C for each bacteria and at 30°C for 48 h for each fungi. Diameters of any resulting zones of inhibition of growth were then measured and reported in millimeters. Each experiment was made three times. Determination of minimum inhibitory concentration (MIC)
Estimation of the MIC values was carried out by the broth dilution method (Van der Berghe and Vlietinck 1991). Serial two-fold dilutions of extracts from 2.00 to 0.075 mg/ml in Mueller-Hinton Broth containing 0.5 % Tween 80 for bacteria and Sabouraud Dextrose Broth with 0.5 % Tween 80 for fungi in 96-well microtiter plates were used. Test bacteria culture was used at a concentration of 10 5 CFU/ml. Minimal inhibitory concentration (MIC) was taken as the lowest extract concentration that prevents visible bacterial growth after 24 h of incubation at 37 and 30°C for 48 h for fungi. Appropriate controls of medium with microorganisms or each extract were included. The first dilution with no microbial growth was recorded as MIC. All experiments were made in triplicate test.
Cell culture
The human breast adenocarcinoma cell line (MCF7), African green monkey kidney cell line (Vero) and HeLa cell line were obtained from the Pasteur Institute of Iran. Cells were cultured in RPMI-1640 supplemented with 10 % fetal bovine serum (Gibco, Grand Island, NY, USA) and 1 % penicillin-streptomycin, at 37°C, in humidified air containing 5 % CO 2 .
Cytotoxic activity
The tetrazolium-based colorimetric assay (MTT) assay was performed for each cell line to determine cell viability. The colorimetric assay is based on the conversion of the yellow tetrazolium bromide to the purple formazan derivative by mitochondrial succinate dehydrogenase in living cells. The mitochondrial metabolism of 3-(4,5-dimethylthiazol-2-y1)-2,diphenyltetrazolium bromide (MTT) salt into formazan took place and the amount of produced formazan was correlated with the number of viable cells present. The cell lines were seeded in the 96 well plates at a density of approximate 2 9 10 4 cells/well in RPMI medium supplemented with 10 % FBS and were subsequently incubated at 37°C in a 5 % CO 2 humid incubator (Shokrgozar et al. 2007; Ming et al. 2008) . After 24 h, cells were washed with PBS and then algal extracts with different concentrations were added to each group (triplicate wells) and the incubation was continued for 24 h, followed by adding 10 ll (5 mg/ml) of MTT dye solution to each well for 4 h at 37°C. After removal of the MTT dye solution, cells were treated with 100 ll DMSO and the absorbance at 490 nm was quantified using an ELISA reader (Ming et al. 2008 ). The cytotoxicity expressed as the concentration of drug inhibiting cell growth by 50 % (IC 50 ) was calculated after comparing with the control (treated with 0.1 % DMSO). The assessment was performed at least in triplicates (Ming et al. 2008) . The percentage of cell death was calculated according to the formula below (Shokrgozar et al. 2007): %Death: Mean assay absorption test/Mean negative control absorption 9 100.
Statistical analysis
The SPSS 19.0 (IBM, SPSS) software package for Windows was used to analyze variance of the raw data. All data are reported as mean ± SD and by using the Duncan's multiple range tests in ANOVA, significant differences between means were identified. Lethal concentration 50 (IC 50 ) values, in the general toxicity assay, were calculated by linear regression analysis with Microsoft Excel program.
Results
Antibacterial and antifungal activity
The results obtained in the evaluation of the antimicrobial activity of the extracts of marine macro algae U. flexuosa, P. antillarum and P. boergeseni using a disk diffusion method and minimum inhibition concentration (MIC) are shown in Tables 1, 2 and 3. All extracts exhibited strong antibacterial activity in Gram-positive and Gram-negative bacteria and moderate antifungal activity, except for two resistant microbial strains: A. niger (fungus) and P. aeruginosa (bacteria). Baron and Finegold (1990) , suggested a scaling method to describe the microbial activity, wherein IZ zones reflect the potency of a test agent that is weak (\7), moderately active (7-14); and highly active ([14) . The data showed that S. epidermidis was the most sensitive strains tested, against effects from all macroalgal extracts, specifically ethylacetate extracts (MIC = 93 and 187 lg/ml for the ethylacetate and methanol extracts, respectively, the inhibition zone (IZ) ranged from 22.00 to 28.00 mm). Of the tested pathogens, E. coli for the U. flexuosa extract (MIC = 93 lg/ml) (Table 1) , B. subtilis for the P. antillarum extract (MIC = 187 lg/ml) ( Table 2 ) and the two bacterial strains B. subtilis and B. pumulis for the P. boergeseni extract (MIC = 187 lg/ml) (Table 3) , were the strains more sensitive against effects from the algal extracts. Among the bacterial strains tested, P. aeruginosa, E. faecalis and K. pneumonia were the most resistant bacteria. The IZ values obtained in the present study for the bacterial strains showed a lower effect (and there was no IZ against K. pneumonia and P. aeruginosa) compared to the standard antimicrobial agent, ampicillin, which ranged from 12.00 to 19.00 mm overall. Antifungal assay of algal extracts on fungi also revealed that A. niger is absolutely insensitive. By comparison, S. cervisiae proved to be the most sensitive fungus. Among all three fungi tested, the IZ values ranged from 16.00 to 18.00 mm and this inhibitory activity of algal extracts followed an almost similar trend compared to the standard anti-fungal nystatine.
Cytotoxicity assays
MTT assay was used as an indirect measure to determine the viability of breast adenocarcinoma (MCF7) and monkey kidney (Vero) cells, as well as HeLa cells exposed to the ethylacetate and methanol extract of marine macroalgae. U. flexuosa, P. antillarum, and P. boergeseni, their viability was reduced in a dose-related manner after 24 or 48 h. The results are given in Fig. 2 . Both ethylacetate and methanol extracts caused cell death in a concentration dependent manner. Figure 2a shows the dose-response of cells exposed to U. flexuosa extracts (10-100 lg/ml) for 48 h. Cytotoxicity observed against the three cells (MCF7, HeLa and Vero), at all concentrations, was tested using U. flexuosa extracts. The treatment of cells with U. flexuosa ethyl acetate and methanol extracts at high concentrations showed a great decrease in viability. The response of cells exposed to P. antillarum and P. boergeseni extracts also followed the same trend (Fig. 2b, c) .
Results showed that there was higher decrease in the viability of cells at the maximum concentration (100 lg/ ml) of marine macroalgal ethylacetate extracts compared to the methanol extracts (example 78.9 % death in Table 3 Anti-microbial activity of marine macroalgal extracts from P. boergeseni Many research studies have shown that a drug at the highest concentration (1000 lg/ml), is non-toxic, weakly toxic or toxic on cells, when cell viability percentage is [70, between 50 and 70 % or \50 %, respectively (Abdillahi et al. 2012) . The cytotoxic effect of marine macroalgal extracts showed that U. flexuosa Cytotoxic activity was slightly stronger than that of P. antillarum and P. boergeseni. The IC 50 values were estimated for the MCF7, Vero and HeLa cells (Fig. 3) .
The ethylacetate fractions of marine macro algae U. flexuosa, P. antillarum and P. boergeseni, exhibited cytotoxicity to MCF7, HeLa and Vero (IC 50 \ 100 lg/ ml) (Fig. 3) . The methanol fraction of U. flexuosa and P. antillarum also exhibited cytotoxic activity in MCF7, Vero (IC 50 [ 100 lg/ml) and HeLa (IC 50 \ 100 lg/ ml). Based on the data obtained, the methanol extract of P. boergeseni demonstrated cytotoxic effect against all cell lines (IC 50 [ 100 lg/ml). 
Discussion
The management of many types of human cancer have significantly been improved by several active anticancer agents from marine organisms. Large numbers of marine organisms from a wide range of phyla have been screened for antimicrobial activity. The challenge of identifying new antimicrobial and anticancer agents in the oceans has prompted us to investigate some marine macroalgae found at the northern coasts of the Persian Gulf. During the study, U. flexuosa, P. antillarum and P. boergeseni, were included in a recent checklist of benthic marine algae of the tropical and subtropical Indian Ocean (Silva et al. 1996) . They were collected from the northern coasts of the Persian Gulf, Qeshm Island, Iran. In recent years, different methods have been used to investigate various samples in crude extracts due to the presence of different bioactive components with antimicrobial and cytotoxic potentials. In the current study, all seaweed extracts showed significant antimicrobial activity against some bacterial and fungal strains. The maximum activity against both bacteria and fungi was recorded for ethylacetate extracts of all seaweeds compared to the methanol extracts. The ethylacetate extracts of U. flexuosa showed highest activity against S. epidermidis, E. coli, B. pumulis and B. subtilis compared to other seaweeds. Among the test pathogens, P. aeruginosa, E. faecalis and K. pneumonia were noted as the most resistant bacteria by the minimum zone of inhibition against effects from methanol and ethylacetate extracts. Al-Saif et al. (2014) studied the antibacterial activity of ethanol, chloroform, petroleum ether, and water of the algae U. reticulata, Caulerpa occidentalis, Cladophora socialis, Dictyota ciliolata, and Gracilaria dendroides isolated from Red sea coastal waters of Jeddah, Saudi Arabia, against E. coli ATCC 25322, P. aeruginosa ATCC 27853, Stapylococcus aureus ATCC 29213, and E. faecalis ATCC 29212. Their results showed that chloroform was the most effective followed by ethanol, petroleum ether and water for the preparation of algal extract with significant antibacterial activities, respectively. It also suggested that the extracts of red algae G. dendroides were more efficient against the tested bacterial strains followed by green algae U. reticulata, and brown algae D. ciliolata. Furthermore, Yee (2010) screened the antimicrobial activity of three extracts (chloroform, ethyl acetate and water) of the brown marine algae P. antillarum. Their results indicated that the hexane extract exhibited the highest and most consistent inhibitory activity against P. aeruginosa with a mean minimum inhibitory concentration (MIC, n = 3) value of 0.625 mg/ml. In this study, ethylacetate extracts of U. flexuosa showed antimicrobial and cytotoxic activities. Moreover, the study of Bhakuni et al. (2005) showed that the alcoholic extracts of Ulva fasciata and U. lactuca have exhibited antiviral and anti-implantation activities. Since Ulva species are rich in essential nutrients, several unique biological and pharmacological activities namely antioxidant, antibacterial, anti-peroxidative and anti-hyperlipidaemia activities have been ascribed to chemical compounds extracted from this seaweed species (Mosaddegh et al. 2014) . A similar antimicrobial activity study of marine macroalgae has been conducted (Yee 2010; Ibtissam et al. 2009; Salvador et al. 2007; Eloff 2000; Febles et al. 1995; Glombitza 1979) and no antifungal activity was observed in the methanol and ethylacetate algal extracts against the fungi A. niger. S. cervisiae was the most sensitive fungus to the effects of algal extracts with the highest inhibition zones of 21 ± 0.9 mm and gave rise to an MIC value of 0.93 mg/ml by ethylacetate extracts from U. flexuosa (Table 1) . Ronald (1997) reported that fungi are more resistant to the tested compound than the bacterial strains. This could be ascribed to the nature of fungal cell wall, which like the hard cover exoskeletons of arthropods, is composed of glucosamine polymer chitin, which is relatively resistant, including cases of microbial decomposition. In the present study, marine macro algae extracts did display notable anti-bacterial and anti-fungal effects. It is clear that this anti-bacterial activity is not as effective as their 'gold' standard (ampicillin) counterparts, but the anti-fungal effects also follow a similar trend as the standard (nystatine) counterpart. This could be due to the fact that antibiotics such as ampicillin, penetrate the outer membrane of (primarily Gram-negative) bacteria via porins (James et al. 2009 ) and then act as a competitive inhibitor of transpeptidase needed by the bacterium to make a cell wall, an effect that ultimately leads to cell lysis and an overall reduced ability of the pathogens to successfully replicate. Nystatine like other anti-fungals such as natamycin or amphotericin B, binds to ergosterol on the cell membrane of fungus and at sufficient nystatine concentrations in the membrane, this allows the formation of pores that, in turn, permit ions (i.e. K ? ) to leak from the cell and, ultimately, cause cell death. In contrast, this marine macroalgae extracts is thought to impart anti-microbial effects possibly via the induction of changes in the cell membranes of the targeted pathogen organisms, with alterations in the cell envelope causing impaired regulation of osmolarity and ultimately cell death. Notwithstanding, this is a preliminary study, hence detailed investigations to identify the compositions of each extract is necessary for the recognition of major seaweed constituents that could serve as strong antimicrobial compounds.
The results of the cytotoxicity assay clearly shows that all the tested marine macroalgae U. flexuosa, P. antillarum and P. boergeseni, possessed anticancer activity against 3 cell lines including MCF7, HeLa and Vero. Increase in extracts concentrations resulted in a decrease in cell viability. The results exhibited a higher decrease in the viability of the cells treated at the highest concentration (100 lg/ml) of marine macroalgal ethylacetate extracts (78.9 % death in Vero cells by ethylacetate extracts from U. flexuosa) compared to the methanol extracts. The ethylacetate extracts with lower dose-response of cells (example IC 50 : 55.26 lg/ml in Vero cells by ethylacetate extracts from U. flexuosa), exhibited better cytotoxic activity when compared to the methanol extracts. Since methanol is a polar solvent and ethyl acetate is semi-polar, there could be a possibility that the chemical compounds present in the macroalgal extract possess cytotoxic properties. Mosaddegh et al. (2014) reported that the methanol extract of marine algae Jania adhaerens from the Chabahar coast of Oman Sea exhibited cytotoxic effects on MCF-7 and HT-29 cell lines, but the chloroform fraction demonstrated higher cytotoxicity than the methanol extract to HT-29, MCF-7, HepG-2, A-549 and MDBK cell lines. Also, three algae extracts, have demonstrated cytotoxic activity, from the crude extracts of 21 brown algae collected from the south coast of England and the West coast of Ireland (Spavieri et al. 2010) . The methanol extract of Sargassum swartzii collected from the Persian Gulf showed cytotoxic effect against T-47D cells (IC 50 \ 100 lg/ml) (Khanavi et al. 2010) . The study of Burt (2004) , has shown that minor components play a role in the antibacterial activity, possibly by producing synergistic effects with other components. It is equally likely to be the case in cytotoxic activities against transformed cells. Moreover, it should be noted that some biological active metabolites of seaweed possess pharmaceutical potential to cure diseases (Smit 2004) . Previously, several sulfated polysaccharides isolated from marine algae, cytotoxic compounds such as fucoidans, laminarians, and terpenoids with anticancer, antitumor, antiproliferative, and antimetastatic properties have been reported to be abundant in algae (Zong et al. 2012) . In the present study, results from the crude extracts of marine macroalgae have exhibited cytotoxic effects on three cell lines. This is promising for the identification of effective constituents of each extract for future investigations.
In conclusion, the results obtained in this study showed that ethylacetate and methanol extracts of marine macro algae U. flexuosa, P. antillarum and P. boergeseni, species used has a great potential for antimicrobial properties, in addition to cytotoxic activities. These data indicate the possibility that seaweeds and their constituents may be applied as drug (antibacterial and anticancer agent) for human administration.
